'p-trihydroxybisnorsterocholanic acid ', m.p. 190-1950 , was later isolated from the same source (Mabuti, 1941) . Both these acids were also isolated from the bile of Rana nigromnwcuata nigromuuata . The 'oc-trihydroxybisnorsterocholanic acid', m.p. 1720, has been shown to be identical with trihydroxycoprostanic acid isolated from the bile of Alligator mi8i8 ppienai8 (Haslewood, 1952a ) and the terms 'oc-' and ',-trihydroxybisnorsterocholanic acid' are now replaced by 'oa-' and 'f, '-trihydroxycoprostanic acid respectively. This earlier work left two further aspects of the problem to be elucidated, namely the position and configuration of the three hydroxyl groups in the trihydroxycoprostanic acids and, more important, the question of isomerism at C-25, since, with the conversion in vivo of the terminal i8opropyl group of the cholesterol side chain into -CHMe . CO2H, a new asymmetric centre is introduced. It was therefore decided to attempt the partial synthesis of the two 3a:7a:12m-trihydroxycoprostanic acids and similar acids with extended side chains (i.e. bile acids in which the -CHMe.CH2-CH2.CO2H chain is lengthened).
Some extensions of the side chains of bile acids have been previously reported, thus, , B-3x:7:12oc-trihydroxycoprostanic acid, m.p. 1950 B-3x:7:12oc-trihydroxycoprostanic acid, m.p. (Komatsubara, 1954 Bridgwater, 1955) , and bishomocholic acid (Kazuno, Komatsubara & Baba, 1954; 38 Kazuno, Mori & Goto, 1955) have both been synthesized.
The lengthening of the bile acid side chain in the presence of ring hydroxyl groups presents certain difficulties with the more usual methods, e.g. the use of the Arndt-Eistert synthesis [R.CO2H -R.COC --R.CO. CHN2
R . CH2 . CO2Et -R. CH2 . CO2H]
(cf. Pearlman, 1947 ) is laborious since it extends the side chain by only one carbon atom at a time. The application ofthe Kolbe electrolytic synthesis to the preparation of acids, by employing the half-ester of a dibasic acid, has been exploited in another field (Bounds, Linstead & Weedon, 1953, and previous papers) , and the subject has been reviewed (Weedon, 1952) . The use ofthis method for the extension ofthe side chain of the bile acids has not yet been fully explored, and the investigation ofthe cross-coupling reactions which can occur by the electrolysis of cholic acid in the presence of some simple half-esters is now reported. RESULTS The product resulting from an electrolysis using cholic acid and a simple half-ester is a complex mixture. From theoretical considerations, the norcholyl radical (II) arising from the cholate ion (I) can undergo a coupling, with the radical resulting from the half-ester employed to form an ester, e.g. (III), or with another norcholyl radical to form a dimer (IV); a further possibility is a disproportionation reaction to give an unsaturated compound (V), together with the corresponding saturated compound (VI).
In the cross-coupling electrolysis of cholic acid with methyl hydrogen succinate the compounds corresponding to (III, n = 4), (IV) and (V) were all isolated by chromatography of the product on alulmina.
The products arising from the coupling of radicals from the half-ester molecules with themselves, e.g. diimethyl adipate, were eluted from the alumina with ether. Acetone removed a compound regarded as 3oc:7c:12oc-trihydroxy-23-norchol-22-ene (V) A similar cross-coupling of cholic acid with ethyl hydrogen malonate allowed the preparation of 25-homochoic acid (from III, n = 3) in about 27 % yield. This acid was identical with 25-homochoic acid prepared by the Arndt-Eistert method (Pearlman, 1947) .
Methylsuccinic anhydride was resolved into its D-and L-forms, and each of these was treated with an equivalent amount ofmethanol to give a product consisting of a mixture of HO2C -CO2. CH(CH.) . CO,Me (A) and MeO,C . CH,. CH(CH3) . CO2H (B) (both D-or both L-). Since compound (B) is an cc-substituted acid, normal coupling should be largely or totally suppressed (see Weedon, 1952 kindly supplied by Professor T. Kazuno .
A similar degradation of the ethyl ester of the acid prepared from D-jS-methylglutaric half-ester gave 3ac:7a:12ac-trihydroxy-25-L-coprostanic acid, m.p. 195-196' , which was identical with the ',' acid and with the acid prepared from L-methylsuceinic half-ester (see above).
DISCUSSION
Chemical. dextroMethyl hydrogen P-methylglutarate has been related to L-glyceraldehyde, and laevomethyl hydrogen P-methylglutarate has been (Stallberg & Stenhagen, 1947) ; so that the two trihydroxyhomocoprostanic acids can be related to the two glyceraldehydes: further, since the two homo acids have been degraded to the corresponding trihydroxycoprostanic acids, the relationship ofthese latter two acids to the glyceraldehydes can also be established. These relationships are shown more clearly in Fig. 1 .
The two naturally occurring trihydroxycoprostanic acids are therefore isomeric at C-25. The acid of m.p. 1820 (Japanese 'cx') has already been correctly formulated as trihydroxycoprostan-26-oic acid (Haslewood, 1952a) and the acid of m.p. 1950 (Japanese ',B') would therefore be trihydroxycoprostan-27-oic acid. However, to conform with the nomenclature in the steroid field these acids could be termed 25-D-and 25-L-trihydroxycoprostanic acids. The homo acids will therefore be called homocoprostanic acids, i.e. 25-D-or 25-L-.
The use of the half-esters from D-and L-methyl- Biological. The demonstration that the two trihydroxycoprostanic acids are C-25 isomers, together with the fact that both compounds occur together in the biles of at least two species, namely Rana catesbiana and R. nigromaculata nigromaculata, suggests that, in the initial oxidation in vivo of the terminal isopropyl group of cholesterol, the enzyme responsible is not selective for either C-26 or C-27, so that initially a mixture of alcohols would result, namely 25-D-3o3:7:12aoc26-and 25-L3ac:7a: 12oc-26-tetrahydroxycoprostanes, these two compounds then being oxidized to the two trihydroxycoprostanic acids respectively.
The occurrence of C27 acids in some species of the Ranidae, whereas in others, e.g. Rana temporaria, the chief constituents are alcohol sulphates, e.g. ranol sulphate (Haslewood, 1952 b) , is an interesting species difference. Two pathways (A or B) are available to the C27 alcohols after their formation; thus they may be either oxidized or conjugated as the next step:
A -CH2 OH -*-CH2.O.SO8Na |B -cO I If route A is followed by a species, then production of acid may be difficult, if not impossible, further oxidation leading to a greater degree of hydroxylation, to produce substances such as ranol. Route B will of course lead to an acidic substance, which may then be conjugated (e.g. with taurine) or may be further oxidized to the Cm acid.
Isomerism at C-25 in steroids has been detected in natural products from plant sources, e.g. sarsasapogenin and smilagenin (Scheer, Kostic & Mosettig, 1953) . Cholegenin and i8ocholegenin have also been shown to be isomeric at C-25 (Mazur & Spring, 1954 
Preparation of half-esters
Methyl hydrogen DL-methylsuccinate. DL-Methylsuccinic acid (Brown, 1946) was converted into the anhydride (Naps & Johns, 1940) , and this (1 mol.) was refluxed on a water bath with methanol (1.04 mol.) for 2 hr. The resulting mixture ofhalf-esters was used without further purification.
D-and L-Methyl8uccinic anhydrides. The DL-half-ester was resolved bymeansofthestrychnine salt (Berner, Leonardsen, Grontoft & Dahl, 1939) , the L-anhydride being crystallized three times from benzene until complete optical purity was obtained. The anhydrides were then treated with methanol as described above to give the corresponding half-esters.
Methyl hydrogen P-methylglutarate. This compound was was also obtained by direct recrystallization of the crystalline material from fractions 10-12 (above). Both bishomocholic acid and its methyl ester gave a blue colour in the Hammarsten HCI test.
Fractions 13-18 (eluents, acetone for 13-16 and methanol for 17-18) did not yield any acidic material on hydrolysis. The material from fraction 17, on crystallization from methanol, afforded needle-like crystals of (?)3a,3'a:7cx, 7'a:12ac,12'a-hexahydroxybis-23:23'-norcholanyl, m.p. 312-
(shrinking at 1800).
A similar electrolysis employing cholic acid (20.4 g.), methyl hydrogen succinate (26.4 g.), and Na (0.2 g.) in methanol (650 ml.) with Pt electrodes (5 cm. x 6 cm.) (current 8-6A, time 3 hr.) gave a neutral product (36 g.) which was separated on A1203 (600 g.) as described above, eluates of 1 1. each being collected. Fraction 1 (eluent, ether) was an oil (23 g.). Fractions 2-6 (eluent, 1:1 etheracetone) were oils (1-6 g.). Fraction 7 (eluent, acetone) was an oil (0-6 g.) which gave a deep-yellow colour with tetranitromethane in CHCl3. Fraction 8 (eluent, acetone) wag an oil (1-1 g.) which gave a faint-yellow colour with tetranitromethane in CHCl3 . Fractions 9-14 (eluents, acetone) were crystalline (total 4-2 g.). Each fraction was separately subjected to procedure C, to yield in every case a neutral residue together with an insoluble acid which was filtered off, washed and dried in vacuo. Three crystallizations of the combined acids from ethyl acetate yielded 25:26-bishomocholic acid (2-7 g.), m.p. 1950. The neutral material from fraction 9 on crystallization from a small quantity of acetone gave crystals of (?)3cx:70c:12a-trihydroxy-23-norcholene, m.p. 179-1810. (Found: C, 75-2; H, 10-9. C23H403 requires C, 75-75: H, 11-05.) Dehydrobishomocholic acid (3:7:12-trioxo-25:26-bi8homo-cholic acid). 25:26-Bishomocholic acid (890 mg.) in acetic acid (10 ml.) was treated with 20% CrO3 (2-7 ml.) with cooling. After 10 min. at 200, the mixture was poured into water, which was then saturated with NaCl and allowed to stand overnight. The and Na (0-10 g.) in methanol (450 ml.) was electrolysed while ethyl hydrogen malonate was added in the following manner: 0 min., 7-0 g.; 50 and 100 min., 3-5 g. in methanol (25 ml.) (total, 14-0 g.). Two Pt electrodes (5 cm. x 5 cm.)
were used at a distance apart of 2-3 mm. The current varied from 4 to 2A and the duration of the electrolysis was 4 hr. Procedure B yielded cholic acid (8-9 g.), together with a neutral fraction. Chromatography of the latter in the mannerdescribedabovegave, afterinitialelutionwith ether, oils from the acetone eluates which were combined and subjected to procedure C. The insoluble acid so obtained was extracted by procedure A to yield an oil (0-2 g.), which was combined with a similarly obtained oil ( An electrolysis in which identical quantities with the above were used, but with methyl hydrogen D-methylsuccinate (prepared from the D-anhydride) in place of the DL-isomer, yielded a final acid product which was identical in every way with the product described above as (?)3o:7oc:12oc-trihydroxy-25-DL-coprostanic acid.
3a:7a:12cx-Trihydroxy-25-L-coprostanic acid. A similar electrolysis (1A/7 hr.) with cholic acid (10.2 g.) methyl hydrogen-L-methylsuccinate (29.34 g.) and Na (0-1 g.) in methanol (100 ml.) resulted, after procedure B, in a recovered cholic acid fraction of 5-0 g. and a neutral product (10 g.), which was chromatographed. Ether (500 ml.) and ether-acetone (1: 1, 250ml.) were passedthrough the column and the eluates discarded. Elution with acetone (21.) gave an oil which by procedure C yielded an insoluble acid; after four crystallizations from ethyl acetate the acid yielded 3a:7a:12a-trihydroxy-25-L-coprostanic acid, m.p. 194-196°; [cz]12+42.6±20 in ethanol (c, 2-13), mixed m.p. with Japanese fi acid (m.p. 195-197°, kindly supplied by Professor T. Kazuno), [192] [193] [194] [195] H, calc. for C27H4605, C, 72-0; H, 10-3 %.) The infrared spectra of the two acids were compared by Dr I. D. P. Wootton and found to be identical. 3o:7=:12a-Trihydroxy-25-D-and -25-L-26-honwcoprostanic acid8. A solution of cholic acid (8-16 g.), methyl hydrogen DL-,-methylglutarate (12-8 g.) , and Na (0-075 g.) in methanol (80 ml.) was electrolysed for 4-5 hr. with Pt electrodes (1 cm. x 3 cm.) (current = 2-1 A). Working up by procedure B gave recovered cholic acid (5.5 g.) and a neutral product (9 g.). This latter was then chromatographed, eluates of 300 ml. being collected. Combined fractions 1-2 (eluent, ether) gave an oil (5.1 g.). Fraction 3 (eluent, etheracetone 1:1) and fractions 4-5 (eluent, acetone) gave traces of oil, which on procedure C gave an acid product, from which crystals of 3a:7a:12oc-trihydroxy-25-L-26-homocoprostanic acid, m.p. 166-168°(see below), were obtained. with L-methyl hydrogen P-methylglutarate (58 g.), cholic acid (30 g.) and Na (0.9 g.) in methanol (600 ml.) resulted, after procedure A and chromatography of the neutral fraction, in the isolation from the combined acetone fractions of an oil, which was hydrolysed by procedure C to give an acid, recrystallization of which three times from ethyl acetate gave 3ac:7oc:12c-trihydroxy-25-D-homocoprostanic acid (1-93 g.) (0-3 ml.) . This mixture was poured into water (100 ml.) and extracted with ether, the ether washed twice with aqueous NaHCO3, twice with water, dried (Na2SO4) and evaporated. The crude acetate was then dissolved in benzene and chromatographed on A1203 (90 g.).
The column was developed with benzene (200 ml.), benzeneether (1:1) (50 ml.) and ether (800 ml.), the material eluted by the ether being isolated as a gum. This was oxidized by dissolving in CHCl3 (6 ml.), acetic acid (24 ml.) and treating over 10 min. with CrO3 (1.0 g.) in water (3 ml.)-acetic acid (21 ml.) at 400. After keeping this mixture at 400 for a further 0-5 hr., methanol (1-0 ml.) was added and the mixture poured into water (approx. 150 ml.). The aqueous phase was subjected to procedure A, followed by hydrolysis according to procedure C. This yielded a brown gum which crystallized from ethyl acetate to give short rod-like crystals, m.p. 174-1760 (50 mg.), recrystallization of which (ethyl acetate) gave 3a:7a:12a-trihydroxy-25-D-coprostanic acid, m.p. 180-182°; [a]D +27.4±20 in ethanol (c, 0-7).
(Found: C, 71-7, H, 10-2. Cale. for C27H4605: C, 72-0; H, 10-3%.) The infrared spectrum of this acid was identical with that of the natural acid isolated from alligator bile (Haslewood, 1952b). 3x:7o:12a-Trihydroxy-25-L-coprostanic acid. The trihydroxy-25-L-homocoprostanic acid (110 mg.) was esterifled with diazomethane and the resulting ester in benzene (3 ml.) was added to a Grignard complex prepared from Mg (100 mg.) and bromobenzene (0-5 ml.) in ether (10 ml.). After 1 hr. refluxing on a water bath the mixture was left overnight, after which time it was treated with 2N-H2SO4 (approx. 2 ml.) and subjected to procedure A. The crude (neutral) carbinol was refluxed with ethanolic KOH (4 ml.) and re-extracted by procedure A. The resulting carbinol was I956 with the two naturally occurring 3m:7a:12ac-trihydroxycoprostan-26-oic acids (Japanese 'a-' and 'f,-' trihydroxycoprosta,nic acids respectively), which have been isolated from the biles of various species.
3. The formation of a new asymmetric centre by the oxidation in vivo ofa methyl group in cholesterol to give bile alcohols or bile acids may be considered to be non-specific, in the sense that both optical isomers are obtained.
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